The antimicrobial resistance of 2,246 strains of Salmonella isolated from humans in California was determined. Resistance to one or more of the 12 antimicrobial agents tested was found in 32% of the isolates. Salmonella typhimurium strains represented 31% of the serotypes isolated; 49% of these strains were resistant. Fifty-one percent of S. heidelberg, 42.5% of S. newport, and 40% of S. saint paul strains were resistant. Seventy-seven percent of all resistant serotypes were resistant to two or more of the antimicrobial agents tested. R factors were demonstrated in 70% of the multiply resistant strains. Resistance of the Salmonella strains to one or more of the 12 antimicrobials tested and the frequency of resistance to tetracycline and ampicillin were significantly greater than resistance reported in other studies performed in this country. Chloramphenicol resistance was encountered in 33 (1.5%) of the Salmonella isolates; 19 of these were S. typhi demonstrating a pattern of resistance to streptomycin, sulfisoxazole, tetracycline, and chloramphenicol and carrying an R factor capable of transferring the complete pattern of resistance.
The antimicrobial resistance of 2,246 strains of Salmonella isolated from humans in California was determined. Resistance to one or more of the 12 antimicrobial agents tested was found in 32% of the isolates. Salmonella typhimurium strains represented 31% of the serotypes isolated; 49% of these strains were resistant. Fifty-one percent of S. heidelberg, 42 .5% of S. newport, and 40% of S. saint paul strains were resistant. Seventy-seven percent of all resistant serotypes were resistant to two or more of the antimicrobial agents tested. R factors were demonstrated in 70% of the multiply resistant strains. Resistance of the Salmonella strains to one or more of the 12 antimicrobials tested and the frequency of resistance to tetracycline and ampicillin were significantly greater than resistance reported in other studies performed in this country. Chloramphenicol resistance was encountered in 33 (1.5%) of the Salmonella isolates; 19 of these were S. typhi demonstrating a pattern of resistance to streptomycin, sulfisoxazole, tetracycline, and chloramphenicol and carrying an R factor capable of transferring the complete pattern of resistance.
R factors are episomes that confer upon the host organism the ability to transfer to susceptible organisms genes which mediate antimicrobial resistance. The increasing antimicrobial resistance of pathogenic bacteria and the presence of resistance transfer factors (R factors) in these organisms concerns both clinicians and medical microbiologists. Several surveys of salmonellae isolated in this country have been made to determine the impact of the presence of R factors on the control of infectious diseases (4, 9, 10, 12, 14, 17, 18, 24) . These studies were performed with relatively small numbers of isolates and, therefore, conclusions concerning the frequency of resistance and the prevalence of R factors in many of the serotypes have not been possible. In the survey reported here resistance to 12 antimicrobial agents was determined on Assay of transferable drug resistance. The recipient organism used was an Escherichia coli K-12, F-, nalidixic acid-resistant strain (RC 709) supplied to us through the kindness of John Walton. The donor organisms were Salmonella strains with resistance to two or more of the antimicrobials tested. Overnight cultures of donor and recipient organisms were diluted 100-fold in Mueller Hinton (MH) broth to a total volume of 20 ml and incubated on a rotator at 35 C for 3.5 h to produce organisms in the log phase of growth. Mating mixtures were prepared by adding 0.25 ml of donor salmonellae to 1.0 ml of recipient E. coli cultures to produce a total volume mating mixture of 1.25 ml. Each mixture was incubated without aeration for 24 h at 35 C. The following were used as selection media: (i) MacConkey medium with 50 Ag of nalidixic acid per ml plus 4 Mg of tetracycline per ml and (ii) MacConkey medium with 50 Mg of nalidixic acid per ml plus 10 Mg of ampicillin per ml. Occasionally, when the antibiogram of the donor salmonellae indicated, MacConkey medium with 50ug of nalidixic acid per ml plus 10 ,g of streptomycin or kanamycin per ml was used. A 0.1-ml amount of undiluted mating mixture was plated on appropriate selection plates, and 0.05 ml of 10-fold dilutions of the mixture was plated on quadrants of similar selection plates to determine the efficiency of mating. Selection plates were incubated overnight at 35 C. Control cultures of the recipient E. coli and the donor salmonella strains were tested individually in a manner similar to that for the mating cultures to determine the efficiency of the selection plates and to act as controls on the media with and without incorporated drugs. The antimicrobial resistance of the recombinants was determined to all antimicrobials present in the antibiogram of the Salmonella parent strain by replica plating techniques (13) . Five Salmonella strains showing resistance to nalidixic acid have not as yet been tested for R factors.
RESULTS
A total of 79 different serotypes was represented in the 2,246 Salmonella strains examined. The distribution of the 10 most frequently isolated serotypes in the study is presented in Table 1 where it is compared with the distribution of the same serotypes in the United States during 1971 (3). Salmonella typhimurium was the most frequently isolated serotype in both surveys, and all but one serotype occur in the top ten of both lists. A total of 31.6% of all Salmonella isolates were resistant to 1 or more of the 12 antimicrobial agents tested. Forty percent or more of the strains of S. typhimurium, S. heidelberg, S. newport, and S. saint paul were resistant, and 36.5% of S. typhi strains were resistant; on the other hand, only 1.5% of isolates of S. infantis and none of S. enteritidis isolates showed resistance (Table 2) . Table 3 lists the percentage resistance of all serotypes and of the 10 most frequently isolated serotypes to each of the antimicrobial agents tested. The most commonly found resistance was to streptomycin (26.0%), followed by tetracycline (20.3%), sulfisoxazole (19.5%), and ampicillin (18.5%). Thirty-three (1.5%) of the isolates were resistant to chloramphenicol; 19 of these were S. typhi strains. Nineteen of the 33 were S. typhi carrying the pattem of resistance to streptomycin, sulfisoxazole, tetracycline, and chloramphenicol, and the degraded Vi phage pattern associated with the so-called "Mexican" strain of S. typhi (8, 20) . Each of these strains carried an R factor capable of transferring the complete pattern of resistance. The antibiograms of the remaining 14 chloramphenicol-resistant isolates are shown in Table 4 . One strain of S. java and a strain of S. panama were resistant to streptomycin, sulfisoxazole, tetracycline, and chloramphenicol, the patterns of the "Mexican" strain of S. typhi; these strains also carried an R factor capable of transferring the complete pattern. 1970 , respectively. These studies were selected for comparison because they also used the Bauer-Kirby technique for determination of antimicrobial susceptibility. California isolates were significantly more resistant to all antimicrobials (P < 0.001) as well as to individual antimicrobials (Table 5) .
A large percentage of the resistant strains (77%) were multiply resistant, i.e., resistant to two or more of the antimicrobial agents tested (Table 6 ). Figure 1 shows the cumulative percentage of multiple resistance for all serotypes Table 7 . Detection of R factors has been reported to be affected by the recipient strain used in the mating procedure (11, 22) . Several different recipients were tested in this study to determine if more efficient transfer with S. typhimurium strains might be obtained. Recipient strains E. coli K-12 Am 20, F-, nalidixic acid-resistant (obtained through the courtesy of Sidney Cohen), S. typhimurium LT2 JW526, nalidixic acid resistant, and S. typhimurium LT2 JW527, nalidixic acid resistant (obtained by courtesy of Bruce Stocker) were used. Results were similar to those obtained with the E. coli RC 709 recipient. The lower prevalence of R factors in S. typhimurium may result from the known instability of R factors in this serotype (21, 23) . There were 58 different antibiograms represented in the resistant strains detected in this study; eight of these antibiograms were to a single antimicrobial agent. The antibiograms most frequently determined and the prevalence of R factors in isolates with these antibiograms are shown in Table 8 . Strains showing these antibiograms represent 70% (495) of all the resistant strains in the study. The remaining 48 patterns were seen in 18 or fewer strains each.
Epidemiology. The seasonal distribution of Salmonella isolations in this study is representative of that reported for the nation as a whole (3), with the greatest number of isolations reported from July through October and the lowest number from January through April. Fifty-one percent of the strains were isolated from males and 49% from females. Prevalence of resistant strains was exactly the same (31.6%) for both sexes. Information on the age of patients was available for 79% (1, 782) of the patients in this study. Over fifty percent (52%) of patients were 10 years of age or younger. There was no evidence of increased resistance of strains in any age group (Table 9) . Patients from whom S. typhimurium, S. heidelberg, S. newport, or S. infantis were isolated showed age distributions similar to those for all serotypes. One hundred and five isolates were from blood specimens, and 45 (43%) of these isolates were resistant to one or more of the antimicrobial agents tested. This is a higher proportion of resistant strains than was found in isolates from feces (31% resistant), urine (33%), or other sources (29%). 'These strains were isolated from 3 members of the same family.
DISCUSSION
The public health implications of antimicrobial resistance and prevalence of R factors in medically important bacteria has been of concern since the first observation of the transfer of drug resistance by bacterial episomes (1, 5-7, 15, 16, 19, 21) . Several studies of the prevalence of antimicrobial resistance and R factors in Salmonella strains found in this country have been reported (4, 9, 10, 12, 14, 17, 18, 24 ). The majority of these studies (9, 10, 12, 14, 17) were performed before the wide-spread use of the standardized disk method for the determination of antimicrobial susceptibility (2) . Results of the national survey of 1967 (18) (24) , and to 9.5% in the 1970 Northeastern U.S. Survey (4). The frequency of ampicillin-resistant strains in the California survey (18.5%) was significantly greater than that seen in the other three studies (P < 0.05). No chloramphenicol resistant strains were found in these previous studies (4, 18, 24), whereas 33 (1.5%) of the California strains were chloramphenicol resistant. The previous investigators (4, 18, 24) did not include isolates of S. typhi in their studies, nor had the chloramphenicol-resistant "Mexican" strain been reported in the time period covered in their reports. However, 14 strains other than S. typhi were found to be chloramphenciol resistant in the present study. Although only seven were resistant to tetracycline and ampicillin, as well as chloramphenicol, and although three of these were isolates of S. derby from members of the same family, the difficulties that would face the clinician in choice of treatment 10. of serious cases with similar resistance patterns are apparent and emphasize the need for continuing surveillance to determine the prevalence of this type of resistance.
The salmonella strains tested in the California study showed an overall antimicrobial resistance of 31.6% which is significantly greater than that reported in previous studies (4, 18, 24) by using a similar method of determining susceptibility (P < 0.001). Because we have no earlier California studies with which to compare our findings, we cannot say whether this represents an increase in the number of resistant strains in this state or a difference in the strains evaluated in California as compared with those analyzed elsewhere. It will be necessary to survey the antimicrobial susceptibility of resistance in salmonellae is occurring.
Other surveys (4, 14, 17, 18, 24) have reported a higher frequency of resistance in S. typhimurium strains than in other Salmonella serotypes. Our data do not corroborate these findings. The percentage of resistant strains of S. typhimurium was 48.8% versus 56.6% for S. heidelberg. Resistant strains of S. newport (42.5%) and S. saint paul (40.0%) were found at percentages approaching that of S. typhimurium. Much larger numbers of the most frequently isolated serotypes were tested in the California study than in the studies done elsewhere in this country. Therefore, percentages of resistant serotypes are more reliable in our study than in previous studies where very small numbers of serotypes other than S. typhimurium were tested.
It is of interest to note that R factors were demonstrated at a very high frequency in multiply resistant strains of S. heidelberg (91%), S. newport (95.7%), and S. saint paul (100%) ( Table 7) . It can be postulated that these serotypes obtained their increased resistance through the process of R factor transfers because of large numbers of resistant R factorbearing organisms in the population and the selective pressures of exposure to antimicrobial agents of man and animals. The singular susceptibility to antimicrobials demonstrated by S. infantis and S. enteritidis strains isolated during this period may reflect reduced ability of these serotypes to act as recipients of R factors by virtue of their cell wall composition (22) or deoxyribonucleic acid restriction activities (21) . These postulations will require further in vitro studies. Overall prevalence of R factors in the salmonellae in this survey was 70%, which is in agreement with other U.S. surveys of R factors in salmonellae (18, 19, 24) . Multiply resistant strains of S. typhimurium in our survey, however, showed a lower prevalence of R factors than reported by others. Winshell et al. (24) reported that 19 of 30 (63.5%) strains of S. typhimurium transferred resistance. Gill and Hook (9) studied 20 strains of multiply resistant S. typhimurium and demonstrated R factors in 13 (65%) of these strains, whereas Schroeder et al. (18) reported that 28 of 36 (77.8%) S. typhimurium strains possessed R factors. We demonstrated R factors in 159 of 284 (56%) of the multiply resistant strains of S. typhimurium. This lower prevalence of R factors in S. typhimurium does not appear to be related to the recipient used in the study, because no difference in results occurred when other recipients were substituted. Demonstration of a lower number of S. typhimurium strains with R factors in our study may be related to segregation and loss of the transfer factor of the R factor, whereas the organism retains the r determinants that mediate resistance. Crosses with organisms containing only the transfer factor and subsequent transfer of the r determinants to sensitive recipient organisms would be necessary to support this hypothesis (1) .
The results of this survey indicate that a high frequency of resistant salmonellae are being isolated in this state and that a large percentage of these organisms possess the ability to transfer their resistance patterns. The large percentage of Salmonella strains which are resistant to tetracycline and ampicillin, and the number of salmonellae with R factors which are resistant to chloramphenicol, are further indications of the problems which may increasingly confront the clinican in his management of patients with salmonellosis.
